As surgical practice changes with increasing new evidence, a review of past experiences often gives us a good idea why we do things the way it is now. Our modern understanding of factors contributing to the stability of the lumbar spine can be represented using posterior decompression of the lumbar spine as an example. Since the late 1900s, the "Christmas tree laminectomy" procedure gained widespread popularity in treating neurogenic claudication and lumbar stenosis. However, this clinical improvement is often transient and patients return with symptom recurrence and findings of spinal instability. Further biomechanical studies and clinical trials looked at modifications to this procedure such as facet sparing laminectomy and laminotomy with improved results. It was then that bony, discoligamentous and muscular factors are increasingly recognized as contributors to the overall stability of the lumbar spine. Surgical decompression of spinal stenosis has to balance between adequate removal of bone and soft tissue for an effective decompression of neural structures, and sufficient retention of bone and soft tissue structures to maintain mechanical stability of the spine. When these stabilizers are compromised, a prophylactic fusion of the spinal unit may be required. Ultimately, the decision to perform laminectomy or laminotomy has to be a clinical judgement based on a combination of surgeon, patient and disease factors.
INTRODUCTION
Stability of the lumbar spine is attributable to several structures in the functional spinal unit. These structures are either bony, discoligamentous or muscular in nature [1, 2] . Loss of stability can be secondary to physiological ageing or diseases that alter the integrity of the stabilizing structures. Iatrogenic instability can also result after surgery due to the damage or removal of these structures. Depending on which structures are disturbed, the spine may gain hypermobility and lose stability in different planes of movement -sagittal, coronal, and axial.
Previous studies have examined the role of the disc as an anterior stabilizer of the functional spinal unit. Although many experts confirmed that degenerate discs lead to abnormal movement, the cause of lower back pain and its pathophysiology remained poorly defined [3] . In fact, the hypothesis that disc degeneration precedes facet joint degeneration is generally accepted [4] [5] [6] . There are reports which believe that this is often dictated by the speed and degree of degeneration [7] .
RADICAL LAMINECTOMY AND FACET SPARING LAMINECTOMY
In the late 1900s, the "Christmas tree laminectomy" procedure for the treatment of spinal stenosis gained widespread *Address correspondence to this author at the Department of Orthopaedic Surgery, National University Hospital, Singapore; Tel: (+65) 6772 4342; E-mail: hwee_weng_hey@nuhs.edu.sg popularity. This method of decompression was efficacious in treating neurogenic claudication and radiologically confirmed lumbar stenosis. Although the lateral extent of bone removal varies among surgeons, in order to achieve adequate decompression, the surgery was often done with radical laminectomies, accompanied by bilateral facetectomies and foraminotomies. As the procedure involves resection of the posterior elements of the spine in a way resembling a "Christmas tree", hence its name. However, it became evident a few years later that even though this procedure gave patients temporary symptom relief, it also led to a sudden increase in the number of patients developing recurrent neurological symptoms, symptoms of instability, and eventually spondylolisthesis of the lumbar spine [8] [9] [10] .
Soon it became more recognized that surgical decompression of spinal stenosis is a balance between adequate removal of bone and soft tissue for an effective decompression of neural structures, and retention of sufficient bone and soft tissue structures to maintain mechanical stability of the spine. It was then the role of the facet joints as a stabilizer of the lumbar spine gained interest.
A review of operative cases performed in our institution between 2005 to 2010 using diagnosis and surgical codes showed a series of 20 patients who presented initially with spinal stenosis and developed post-laminectomy spondylolisthesis. They later underwent transformaminal lumbar interbody fusion. Table 1 shows the baseline characteristics of these patients. The mean age was 66.5 years (range 52 to 82 years) and the male:female ratio was 1:4. Anatomically, it is known that the surface area of the facet joints in the lumbar spine increases from L1 to S1 [11] . This could reflect the increase in shear forces transmitted across these joints in the lower segments. The facet joint angle in the transverse plane also changes from a mean of 25° for L1-2 to 53° for L5-S1 [12] . This obliquity enabled these joints greater efficiency in resisting shear loads. In Abumi's evaluation of the stability of cadaveric lumbar spines after facet sparing and radical laminectomies in 1990, he concluded that the facet sparing laminectomy yielded a more stable spine [13] . Naturally, with surgery performed through a narrower corridor, concerns as to whether decompression can be adequately done surfaced. In response, Gill [14] described the use of semirigid probes to perform intraoperative assessment on the adequacy of neuroforaminal decompression. In his study, he reported no significant differences in interobserver or intraobserver measurements as determined by 3 independent observers. A more recent study by Detwiler [15] provided direct comparison between both procedures, and demonstrated objective evidence showing facet sparing laminectomy producing less biomechanical instability and abnormal kinematic changes than the traditional Christmas Tree procedure. In addition, Christmas tree laminectomy also showed disproportionate increase in instability when the remaining stabilizing structures were resected. Despite the move towards facet sparing laminectomy, the incidence of post-facet sparing laminectomy spondylolisthesis remained variable from 8% to 31% [16, 17] .
Multiple other studies evaluated the biomechanics of the facet joints and their role in contributing to the overall stability of the lumbar spine. In the study by Lee [18] , the effect of facetectomy on the motion segment was insignificant under flexion. However in extension, unilateral facetectomy and resection of the contralateral facet markedly altered the rotational motion and flexibility, as well as coupled motions. Unilateral complete facetectomy with resection of less than 100% of the contralateral facet generated a high facet load, reflecting the need to consider additional stabilization procedure in restoring the spinal strength and stability. Similar results by Teo in 2004 [19] showed that a unilateral and bilateral facetectomy of greater than 75% markedly altered the translational displacement and flexibility of the motion segment, also suggesting that fixation or fusion to restore strength and stability of the lumbar spine might be required for surgical intervention of greater than 75% facetectomy. Subsequently, it has been recommended that when performing a facet sparing laminectomy, one has to retain at least 50% of the facet bilaterally and sufficient pars to prevent instability. Otherwise, alternative forms of stabilizing spine should be considered. Partial facetectomy often involves removing more of the medially located inferior articular process of the superior vertebra than the laterally located superior articular process of the inferior vertebra. The key is to ensure that 50% of the joint has been preserved, thereby allowing at least some articulation and function of the facet joint. Although this form of assessment is arbitrary, it is comprehensive and reproducible.
Of the 20 patients who had transforminal lumbar interbody fusion performed in our institution following symptomatic post-laminectomy spondylolisthesis, fusion was achieved in all cases and functional scores improved significantly (p<0.05) from baseline. Details of the operative parameters and 2 year functional scores are shown in Table  2 . Implants used included pedicle screws e.g. Expedium Apart from the stability contributed by the facet joints, there are also studies which show that the overall stability of the lumbar spine may also be dependent on the number of spinal levels that are decompressed. Monosegmental decompression of the lumbar spinal canal might not necessarily destabilize the motion segment but cause the distribution of the compensatory movement to be different at least in in vitro conditions [20] . 
CENTURY
In the early 21 st century, the role of the posterior spinal complex as a stabilizer of the spine became increasingly recognized. In 2005, Vaccaro [21, 22] proposed the Thoracolumbar Injury Severity Score (TLISS) for injuries to the thoracolumbar spine to determine spinal stability. In this score, additional emphasis is placed on the integrity of the posterior ligamentous complex. At the same time, another study by Lu et al. [23] showed that section of the anterior column and adjacent longitudinal ligaments resulted in a mean stiffness decrease by 22.8% of the intact value under anterior shear, and 23.9% under posterior shear. However, after removal of the posterior elements, a much larger change in shear stiffness was seen, and the mean sectioned stiffness dropped by 77.7% in anterior shear and 79% in posterior shear. Moreover, sectioning of the anterior column increased the anterior and posterior translation by 12 and 18% respectively. This was drastically lower than the anterior and posterior translation of 101.7 and 117.1% that occurred after the posterior elements were sectioned. As such, they concluded that the posterior elements including the musculoligamentous structures resist shear better than the anterior column but the anterior column allows for better axial load control so the 2 columns contribute different characteristics to the spine. Fig. (1) illustrates the different types of posterior decompression techniques different characteristics to the spine.
To date, there are different types of posterior decompression techniques (Fig. 1) . Several studies have showed that laminotomy was both an effective and increasingly attractive option in the treatment of lumbar spinal stenosis [17, [24] [25] [26] [27] [28] [29] [30] . This was substantiated by calf [31] and porcine [32] models showing laminectomy causing more destabilizetion of a spinal motion segment than laminotomy, Moreover, the presence of an intact posterior complex in laminotomy allows anchoring points for the supraspinous/interspinous ligaments; and together with the paraspinal musculature, provides a tension band effect that adds to the overall stability of the spine. Fig. (1) . Diagrammatic representation of different posterior decompression techniques.
In the context of bilateral decompression, a recent cadaveric biomechanical study by Lee [33] showed that in lumbar flexion/extension, bilateral laminotomies resulted in an average increased flexion/extension motion of 14.3% between L2 to L5, whereas a full laminectomy resulted in an increase of 32.0%. There was an approximate twofold increase in motion with laminectomy compared with bilateral laminotomies at every treated level. Stiffness was also decreased by an average of 11.8% after the 3-level laminotomies compared to 27.2% after the 3-level laminectomy. Despite these findings, many authors still recognize the presence of other factors which should be routinely considered when deciding the most suitable method of decompression. Patients with severe spinal stenosis may also benefit from laminectomy and fusion, since decompression alone using laminotomy may not be sufficient given the limited corridor for surgery.
CONCLUSION
The stability of the lumbar spine is contributed by various bony, discoligamentous, and muscular structures. Surgical decompression of spinal stenosis has to balance between adequate removal of bone and soft tissue for an effective decompression of neural structures, and sufficient retention of bone and soft tissue structures to maintain mechanical stability of the spine. This made laminotomy an attractive option if adequate decompression is deemed possible through a limited surgical corridor. Ultimately, the decision to perform laminectomy or laminotomy has to be a clinical judgment based on a combination of surgeon, patient and disease factors.
